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PREFACE. 



Within the past ten years much has been said and 
written concerning the basic substances formed during the 
putrefaction of organic matter, and those which are pro- 
duced by the normal tissue changes in the living organism. 
Many investigators have given their whole time and atten- 
tion to the study of these substances and important discov- 
eries have been made and much light has been thrown upon 
what have heretofore been considered problems in medical 
science. To collect, arrange, and systematize the facts 
concerning ptomaines and leucomaines has been our first 
object. Although many short essays, some of them of 
great value, have been written with the above-mentioned 
object in view, the present work may be regarded as the 
first attempt to make this collation embrace everything of 
importance on this subject. In endeavoring to accomplish 
this object we have met with many difficulties. The original 
reports of the various investigators are scattered through 
the pages of medical and scientific journals, transactions of 
societies, monographs, government reports, etc. However, 
with few exceptions we have been able to obtain the original 
reports, and we think that we have included everything of 
importance publish eil up to the present year (1888). 



VI CONTENTS. 

To the physician the facts which have been made known 
concerning the putrefactive and physiological alkaloids must 
be of great value, and if this little work furnishes the 
means by which members of the profession may become 
better acquainted with the nature of those poisons which 
are introduced from without, and those which are gener- 
ated within the body of man, the object of its authors will 
be accomplished. 

University op Michigan, July, 1888. 
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PTOMAINES AND LEUCOMAINES. 



INTRODUCTION. 

We may divide diseases into two classes, the infectious 
and the autogenous, those introduced from without and 
those originating within the organism. The study of the 
infectious diseases has been pursued with great diligence in 
recent years, and many brilliant results have been reached, 
but the question. How do germs induce disease ? remained 
without a satisfactory answer until it was discovered that 
they produce, by their growth, chemical poisons, pto- 
maines, that the absorption of these poisons is followed by 
the symptoms of the disease, and that each specific, patho- 
genic microorganism produces its own characteristic poison. 
In infectious diseases the chemical poison is really formed 
within the body, but the active agent, the germ, causing 
the formation of the poison, is introduced from without. 
It is, therefore, proper to speak of these diseases as having 
their origin outside of the body. Their spread is to be 
arrested by the destruction of the germ, by isolation and 
disinfection. Their treatment consists of attempts to de- 
stroy the microorganism which has already found lodge- 
ment within the body, or, failing in this, to antagonize the 
effects of the poison and to maintain life until the germ, 

weakened by successive generations of growth or poisoned 

2 



14 INTRODUCTION. 

by its own products, ceases to manifest its ill effects, and 
the disease terminates by self-limitation. 

On the other hand, the autogenous diseases owe their 
existence to disturbances between tissue metabolism and 
excretion. They are prevented by keeping these functions 
of th^ body in harmony. They are treated by hastening 
elimination or by retarding or modifying metabolism or by 
both. 
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peud upon the individual bacterium engaged in its produc- 
tion, the nature of the material being acted upon by the 
bacterium, and the conditions under which the putrefaction 
goes on, such as the temperature, amount of oxygen present, 
the electrical conditions existing, and the duration of the 
process. Only the bacillus of typhoid fever (Eberth's 
bacillus), so far as is known at least, can produce the 
ptomaine typhotoxine, and the special bacterium of tetanus 
seems to be necessary in order to produce tetanine, a 
ptomaine which, when injected under the skin of the animal, 
causes tetanic convulsions. Brieger found that, although 
the typhoid bacillus grew well in solutions of peptone, it 
did not produce any ptomaine ; while from cultures of the 
same bacillus in beef- tea he obtained a poisonous alkaloid. 
FiTZ found that whilst the bacillus butyricus produces by 
its action on carbohydrates butyric acid, in glycerine it 
produces propylic alcohol, and Morin has found amyl 
alcohol among the products of the action of this germ. 
Brown has shown that while the mycoderma aceti converts 
ethylic alcohol into acetic acid, it converts propylic alcohol 
into propionic acid, and is without effect upon raethylic 
alcohol, primary isobutylic alcohol, and amylic alcohol. 
Some bacteria will not multiply below a given temperature. 
Thus, the bacillus butyricus will not grow at a temperature 
below 24°.^ The lower temperature does not destroy the 
organism, but it lies dormant until the conditions are more 
favorable for its growth. Pasteur divided the bacteria 
into two classes, the aerobic and the anaerobic. As the name 
implies, the former grow and thrive in the presence of air, 
while the latter find their conditions of life improved by the 



* All temperatures given in this work ar^ Centigrade unless otherwise 
specified. 
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fouDd in cholera stools ; and, two years later, Meyer, of 
Berlin, injected the blood and stools of cholera patiente into 
lower animals. In 1853, Stich made an important con- 
tribution on the effects of acute poisoning vrtth putrid 
material. He ascertained that, when given in sufficient 
quantity, putrid matter produces an intestinal catarrh, with 
choleraic stools. Nervous symptoms, trembling, unsteady 
gait, and finally convulsions, were also observed. Stich 
made careful post-mortem examinations, and was unable to 
find any characteristic or important lesion. Theoretically, 
he concluded that the putrid material contained a ferment 
which produced rapid decomposition of the blood. 

In 1856, Panum published a most important contribu- 
tion to the knowledge of the nature of the poison present 
in putrid flesh. He first demonstrated positively the chem- 
ical character of the poison, inasmuch as he showed that 
the aqueous extract of the putrid material retained its 
poisonous properties after treatment which would insure 
the destruction of all organisms. His conclusions were as 
follows : 

(1) "The putrid poison contained in the decomposed 
flesh of the dog, and which is obtained by extraction with 
distilled water and repeated filtration, is not volatile, but 
fixed. It does not pass over on distillation, but remains in 
the retort.'' 

(2) "The putrid poison is not destroyed by boiling, nor 
by evaporation. It preserves its poisonous properties even 
after the boiling has been continued for eleven hours, and 
after the evaporation has been carried to complete desicca- 
tion at 100°.'' 

(3) " The putrid poison is insoluble in absolute alcohol, 
but is soluble in water, and is contained in the aqueous 
extract which is formed by treating with distilled water 
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amy lie alcohol; aud (5) that there yet remained in the solu- 
tions of putrid matter ptomaines which were not extracted 
by any of the above-mentioned reagents. In this way he 
gave some idea of the great number of alkaloidal bodies 
which might be formed among the products of putrefaction, 
and the promising field thus discovered and outlined was 
soon occupied by a busy host of chemists. In the second 
place, he demonstrated the fact that many of the ptomaines 
give reactions similar to those given by the vegetable alka- 
loids. This led the toxicologist into investigations, the 
results of some of which we will ascertain further on. 

Selmi, however, did not succeed in isolating completely 
a single putrefactive alkaloid. All his work was done with 
extracts. He remained ignorant, except in a general way, 
of the composition of these bodies. Nencki, in 1876, 
made the first ultimate analysis and determined the first 
formula of a ptomaine. This was an isomer of collidine, 
which will be described later. 

RoESCH and Fassbende^, in a case of suspected poison- 
ing, obtained by the Stas-Otto method a liquid which 
could be extracted from acid as well as alkaline solutions 
by ether, and which gave all the general alkaloidal reac- 
tions. They were unable to crystallize either extract by 
taking it up with alcohol and evaporating. The colorless 
aqueous solution was not at all bitter to the taste. The 
precipitate formed with phosphomolybdic acid dissolved on 
the application of heat, giving a green solution, which 
became blue on the addition of ammonia. They believed 
that this substance was derived from the liver, since fresh 
ox-liver, treated in the same manner, gave them an alkaloid 
which could be extracted with ether from acid as well as 
from alkaline solutions. Gunning found this same alka- 
loid in liver-sausage from which poisoning had occurred. 

3 
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the vegetable alkaloid. The aqueous, strongly alkaline 
solution gave the following reactions : 

(1) With tannic acid, a white precipitate. 

(2) With potassium iodide, a yellowish-brown, turning 
to dark brown precipitate. 

(3) With chlorine water, a marked white cloudiness. 

(4) With phosphomolybdic acid, a yellow precipitate. 

(5) With potassio-mercuric iodide, a white precipitate. 

(6) With mercuric chloride, a white cloudiness. 

(7) With concentrated sulphuric acid, after a while, a 
reddish-violet coloration. 

(8) With concentrated nitric acid, after evaporation, a 
yellowish spot. 

These reactions exclude all vegetable alkaloids save 
coniine. The putrefactive alkaloid does not distil when 
heated on the oil-bath to 200°, while coniine distils at 
135°. The former is with certainty distinguished from 
coniine by its non-poisonous properties. 

This substance is extracted by ether from acid, as well 
as from alkaline solutions. The yellow, oily drops ob- 
tained after the evaporation of the ether are soluble in 
alcohol. The taste is slightly burning. 

Selmi obtained from both putrefying and fresh intes- 
tines a substance which gave the general alkaloidal reac- 
tions with. potassium iodide, gold chloride, platinum chlo- 
ride, potassio-mercuric iodide, and phosphomolybdic acid. 
It has strong reducing power, and when warmed with 
sulphuric acid gives a violet coloration. These reactions 
are not due to leucine, tyrosine, creatine, or creatinine. 
This is the substance which, as has been stated, Selmi con- 
sidered identical with that observed by Rorsch and Fass- 
BENDER and ScHWANERT. The minor differences observed 
by the different chemists may have been due to the varying 
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tate ; with iodine in hydriodic acid a kermes-brown ; with 
gold chloride a yellow, which was soon reduced ; with 
mercuric chloride a white ; with picric acid a yellow, 
which gradually formed in crystalline tablets. This sub- 
stance did not contain any arsenic, but was highly poi- 
sonous. From the stomach of a hog, which had been pre- 
served in a solution of arsenious acid, Selmi separated an 
arsenical organic base. The fluid was distilled in a current 
of hydrogen. The distillate, which was found to be strongly 
alkaline, was neutralized with hydrochloric acid and evapo- 
rated to dryness, when cross-shaped crystals, giving an odor 
similar to that of trimethylamine, were obtained. This sub- 
stance was found by Ciaccia to be highly poisonous, pro- 
ducing strychnia-like symptoms. With iodine in hydriodic 
acid it is said to give a gray, crystalline precipitate. 

From the liquid which remained in the retort, a non- 
volatile arsenical ptomaine was extracted with ether. An 
aqueous solution of this gave with tannic acid a slowly 
forming, yellowish precipitate, and similarly colored pre- 
cipitates with iodine in hydriodic acid, platinum chloride, 
auric chloride, mercuric chloride, potassio-mercuric iodide, 
potassio-bismuthic iodide, picric acid, and potassium bi- 
chromate. The physiological action of this substance as 
demonstrated on frogs was unlike that of the arsines, but 
consisted of torpor and paralysis. 

MoRiGGiA and Battistini experimented with alkaloids 
obtained from d^JOomposing bodies upon guinea-pigs and 
frogs, but did not attempt their isolation because of the 
rapid decomposition which they undergo when exposed to 
the air and by which they lose their poisonous properties. 
These alkaloids they found to be easily soluble in amvlic 
alcohol, less soluble in ether. 

In 1871 LoMBROSO showed that the extract from mouldy 
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corn-meal produced tetanic convulsions in animals. This 
threw some light upon the cases of sporadic illness which 
had long been known to occur among the peasants of Lom- 
bardy, who eat fermented and mouldy corn-meal. In 1876 
Brugnatelli and Zenoni obtained by the Stas-Otto 
method from this mouldy meal an alkaloidal substance 
which was white, non-crystalline, unstable, and insoluble 
in water, but readily soluble in alcohol and ether. With 
sulphuric acid and bichromate of potassium it yields a 
color reaction very similar to that of strychnine. 

The action of the ether extracts from decomposed brain 
resembles that of curare, but is less marked and more 
transitory. The beats of the frog^s heart were decreased in 
number and strengthened in force; the nerves and the 
muscles lost their irritability, and the animal passed into 
a condition of complete torpor. The pupils were dilated. 
GuARESCHi and Mosso, using the Stas-Otto method, 
obtained from human brains which had been allowed to 
decompose at a temperature of from 10° to 15° for from 
one to two months, both volatile and non- volatile bases. 
Among the former only ammonia and trimethylamine 
were in sufficient quantity for identification. With these, 
however, were minute traces of ptomaines. 

They obtained non-volatile bases from both acid and 
alkaline solutions. From the former, they separated a sub- 
stance which gave precipitates with gold chloride, phospho- 
tungstic acid, phosphomolybdic acid, ' Mayer's reagent, 
palladium chloride, picric acid, iodine in potassium iodide, 
and slightly with tannic acid. This substance was not 
precipitated with platinum or mercury. 

From the alkaline extract there was obtained a substance 
which 4n dilute hydrochloric acid solutions gave with gold 
chloride a heavy yellow precipitate with reduction, also 



HISTORICAL SKETCH. 33 

saprine, CjHjgNg. These are all inert. After fourteen 
days of decomposition he found a poisonous substance, 
mydaleine. From a cadaver which had been kept at from 
— 9° to + 5° C. for four months, Brieger obtained 
mydine, CgH^^NO, the poisonous substance mydatoxine, 
CgHj3N02, also the poison methyl-guanidine. From 
poisonous mussel he separated mytilotoxine, CgH^gNOg. 
From pure cultures of the typhoid bacillus of Koch and 
Eberth, Brieger obtained a poison, typhotoxine, and, 
from like cultures of the tetanus germ of Rosenbach, 
tetanine. All of these bases will be discussed in detail in 
a subsequent chapter. 

Gautier and Etard have also isolated ptomaines which 
will be described later. 

In 1885, Vaughan succeeded in isolating the active 
agent of poisonous cheese, to which he gave the name 
tyrotoxicon. This discovery has been confirmed by 
Newton, Wallace, Sch^ffer, Stanton, Firth, 
Ladd, and Wolff. 

NiCATi and Rietsch, Koch, and others, have shown 
the presence of a poisonous substance in cultures of the 
cholera bacillus. Salmon and Smith have done the same 
with cultures of the hog cholera germ ; Hoffa, with those 
of the anthrax bacillus ; and Brieger with those of the 
tetanus germ. 
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feeble ; the breathing unaflFected ; the face pale, expressive 
of much anxiety; the surface rather cold; the mental 
faculties unimpaired. Unluckily, the two fatal cases were 
not seen by any medical person ; and we are, therefore, 
unable to state minutely the train of symptoms. We 
ascertained that the woman, in whose house were five suf- 
ferers, went away as in a gentle sleep, and that a few 
moments before death she had spoken and swallowed/' 

The woman died within three hours, and the other death 
was that of a watchman who was found dead in his box 
six or seven houre after he had eaten the mussels. Post- 
mortem examination in these showed no abnormality. The 
stomach contained some of the food partially digested. 

The explorer Vancouver reports four cases similar 
to those observed by Combe. One of the sailors died in 
five and a half hours after eating the mussels. 

In some recent cases reported by Schmidtmann, as 
quoted by Brieger, the symptoms were as follows : Some 
dock hands and their families ate of cooked blue mussels 
which had been taken near a newly built dock. The 
symptoms appeared, according to the amount eaten, from 
soon after eating to several hours later. There was a sen- 
sation of constriction in the throat, mouth, and lips ; the 
teeth were set on edge as though sour apples had been 
eaten. There was dizziness, no headache; a sensation of 
flying, and an intoxication similar to that produced by 
alcohol. The pulse was hard, rapid (eighty to ninety), no 
elevation of temperature, the pupils dilated and reaction- 
less. Speech was difficult, broken and jerky. The limbs 
felt heavy ; the hands grasped spasmodically at objects and 
missed their aim. The legs were no longer able to support 
the body, and the knees knocked together. There was 
nausea, vomiting, no abdominal pain, no diarrhoea. The 
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hands became numb and the feet cold. The sensation of 
cold soon extended over the entire body, and in some the 
perspiration flowed freely. There was a feeling of suffoca- 
tion, then a restful and dreamless sleep. One person died 
in one and three-quarters of an hour, another in three and 
one-half hours, and a third in five hours, after eating of 
the mussels. 

In one of these fatal cases rigor mortis was marked and 
remained for twenty-four hours. The vessels of all the 
organs were distended, only the heart was empty. Vir- 
CHOW concluded from the conditions observed that the 
blood had absorbed oxygen with great avidity. There was 
marked hypersemia and swelling of the mucous membrane 
of the stomach and intestines, which Virchow pronounced 
an enteritis. The spleen was enormously enlarged and the 
liver showed numerous hemorrhagic infarctions. 

Many theories have been advanced to account for poison- 
ous mussels. It was formerly believed that the effects were 
due to copper which the animals obtained from the bottoms 
of vessels ; but, as Christison remarks, copper does not 
produce these symptoms. Moreover, Christison made 
analysis of the mussels which produced the symptoms ob- 
served by (^OMBE, and was unable to detect any copper. 
Bouchard AT found copper in some poisonous mussels, but 
he does not state the amount of the copper nor the source 
of the animals. 

Edwards advanced the theory that the symptoms w^ere 
wholly due to idiosyncrasy in the consumer. This may be 
true in some instances where only one or two of those par- 
taking of the food are affected, but it certainly is not a 
tenable hypothesis. in such instances as those reported by 
Combe and Schmidtmann, where a large number or all 

those who partook of the food were affected. 

4 
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Poisonous Oysters and Eei^. — Pasquier reported 
cases of poisoning at Havre from the eating of oysters taken 
from an artificial bed which had been established near the 
outlet of a drain from a public water-closet. Christison 
says that an " unusual prevalence of colic, diarrhoea, and 
cholera" at Dunkirk was believed to have been traced to an 
importation of unwholesome oysters from the Normandy 
coast. Vaughan and Now obtained tests for tyrotoxicon 
in the liquor of some decomposed oysters which had caused 
illness in many people at a church festival. 

ViREY states that many persons were attacked with 
violent pain and diarrhoea a few hours after eating a pate 
made of eels from a stagnant cattle-ditch near Orleans, 
also that similar cases have occurred in various parts of 
France, and that domestic animals have been killed by 
eating the remains of the poisonous dish. 

Sausage Poisoning. — This is also known as botulis- 
mus and allantiasis. While considerable diversity has 
been observed in symptoms of sausage poisoning, we 
cannot divide the cases into classes from their symp- 
tomatology as has been done in mu&sel poisoning. The 
first effects may manifest themselves at any time from 
one hour to twenty-four hours after eating of the sausage, 
and cases are recorded in which, it is stated, no symptoms 
appeared until several days had passed. However, we 
must remember that trichinosis was frequently, in former 
times, classed as sausage poisoning, and it is highly prob- 
able that these cases of long delay in the appearance of the 
symptoms were really not due to putrefaction, but to the 
presence of parasites in the meat. A large majority of the 
one hundred and twenty-four cases more recently reported 
by MtJLLER sickened within twenty-four hours, and out of 
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cent portions of Baden. This fact has, without doubt, been 
correctly ascribed to the methods tliere practised of prepar- 
ing and curing the sausage. It is said to be common for 
the people to use the blood of the sheep, ox, and goat in 
the preparation of this article of diet. Moreover, the blood 
is kept sometimes for days in wooden boxes and at a high 
temperature before it is used. In these cases it is altogether 
likely that putrefaction progresses to the poisonous stage 
before the process of curing is begun. However, cases of 
poisoning have occurred from beef and pork sausages as 
well. 

Moreover, the method of curing employed in Wiirtem- 
berg favors putrefaction. A kind of sausage known as 
" blunzen ^' is made by filling the stomachs of hogs with 
the meat. In curing, the interior of this great mass is not 
acted upon, and putrefaction sets in. The curing is usu- 
ally done by hanging the sausage in the chimney. At 
night the fire often goes out and the meat freezes. The 
alternate freezing and thawing render decomposition more 
easy. The interior of the sausage is generally the most 
poisonous. Indeed, in many instances those who have 
eaten of the outer portion have been unharmed; while 
those who have eaten of the interior of the same sausage 
have been most seriously affected. 

Many German writers state that when a poisonous saus- 
age is cut, the putrid portion has a dirty, grayish-green 
color, and a soft, smeary consistency. A disagreeable odor, 
resembling that of putrid cheese, is perceptible. The taste 
is unpleasant, and sometimes a smarting of the mouth and 
throat is produced. Post-mortem examination after saus- 
age poisoning shows no characteristic lesion. It is gener- 
ally stated that putrefaction sets in very tardily, but 
MtJLLER shows that no reliance can be placed upon this 
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point, and states that out of forty-eight recorded autopsies, 
it was especially stated in eleven that putrefaction rapidly 
developed. In some instances there has been noticed 
hyperaemia of the stomach and intestinal canal, but this is 
by no means constant. The liver and brain have been 
reported as congested, but this would result from the 
failure of the heart, and would, by no means, be charac- 
teristic of poisoning with sausage. 

Von Faber, in 1821, observed sixteen persons who 
were made sick by eating fresh, unsmoked sausage made 
from the flesh of a pig which had suffered from an abscess 
on the neck. Five of the patients died. The symptoms 
were as follows : There was a constriction of the throat, 
difficulty in swallowing, retching, vomiting, colic -like 
pains, vertigo, hoarseness, dimness of vision, and headache. 
Later and in severer cases, there was complete exhaustion, 
and, finally, paralysis. The eyeballs were retracted, the 
pupils were sometimes dilated, then contracted ; they did 
not respond to light ; there was paralysis of the upper lids. 
The tonsils were swollen, but not as in tonsillitis. Liquids 
which were not irritating could be carried as far as the 
oesophagus, when they were then ejected from the mouth 
and nos^ with coughing. Solid foods could not be swal- 
lowed at all. On the back of the tongue and in the 
pharynx there was observed a puriform exudate. 

Obstinate constipation existed in all, while the sphincter 
ani was paralyzed. The breathing was easy, but all had a 
croupous cough. The skin was dry. There was incon- 
tinence of urine. There was no delirium and the mind 
remained clear to the last. 

Post-mortem examinations were held on four. The skin 
was rough — "goose-skin.'^ The abdomen was retracted. 
The large vessels in the upper part of the stomach were 
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factive changes in different portions of the meat, or it may 
have been due to differences in temperature in varioas por- 
tions of the meat during the cooking. In the blood, peri- 
cardial fluid, and lungs of the fatal case, Klein observed 
bacilli similar to those discovered in the Wellbeck inquiry. 
Pneumonia was produced by inoculating guinea-pigs and 
mice with these bacilli. 

August 29, 1887, 256 soldiers and 36 citizens at Middle- 
burg, Holland, were taken sick after eating meat from a 
cow which had been killed while suffering from puerperal 
fever. The symptoms were nausea, vomiting, purging, 
elevation of temperature, and prostration. In some there 
were observed dizziness, sleepiness, and dilatation of the 
pupil. After a few days these symptoms gradually disap- 
peared, and in many an eczematous eruption of the lips 
gave annoyance. Pigs, cats, and dogs, which ate of the 
offal of this animal, were also made sick. Thorough 
cooking did not destroy the poison, and those who took 
soup and bouillon made from the meat were affected like 
those who ate of the muscular fibre. In most of the cases 
the symptoms came on within twelve hours after eating the 
meat. 

On a fSteday at Zurich, in 1839, 600 persons who were 
fed upon cold veal and ham were taken ill, with shivering, 
giddiness, vomiting, and diarrhoea. Some were delirious 
and others were salivated, the saliva being extremely fetid. 
In the worst cases, there were involuntary stools, collapse, 
and death. The cause was traced to putrefactive changes 
in the meat. 

SiEDLER reports an instance of four persons having been 
made sick by eating decomposed goose-grease. There were 
giddiness, prostration, and violent vomiting. No metallic 
poison could be found. The grease was rancid, of repul- 
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sive odor, and three ounces of it given to a dog produced 
the same symptoms which had been observed in the 
persons. 

Christison reports a number of cases in which persons 
were seriously, a few fatally, affected by eating various 
kinds of meat which had undergone partial putrefaction. 

Ollivier found six persons poisoned, four of them 
fatally, by eating of decomposed mutton. He also men- 
tions the poisoning of a family of three with ham pie. 
Chemical analysis failed to reveal the presence of any 
poison. 

BouTiGNY, having failed to find any poison in the meat 
furnished at a festival, and to which the serious illness of 
many was attributed, made a meal of stuffed turkey fur- 
nished by the same dealer, but after a short time his coun- 
tenance became livid, his pulse small and feeble, a cold 
sweat bathed his body, and violent vomiting and purging 
followed. His recovery was slow. 

Geiseler observed nausea, vomiting, purging, and 
delirium after eating of bacon which was imperfectly cured. 

Poisonous Canned Meats. — Cases of poisoning from 
eating canned meats have become quite frequent. Although 
it may be possible that in some instances the untoward 
effects result from metallic poisoning, in the great majority 
of cases the poisonous principles are formed by putrefactive 
changes. In many instances it is probable that decomposi- 
tion begins after the can is opened by the consumer. In 
others, the canning is carelessly done and putrefaction is 
far advanced before the food reaches the consumer. In 
still other instances, the meat may be taken from diseased 
animals, or it may undergo putrefactive changes before 
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and manifested no untoward symptoms. After the seven 
days the animal was etherized and abdominal section was 
made. Nothing abnormal could be found. I predicted^ 
however, in one of my first articles on poisonous cheese, 
that the isolated poison would affect the lower animals. 
As to the truth of this prediction we will see later. 

"My friend, Dr. Sternberg, the eminent bacteriologist, 
found in the opalescent drops above referred to, numerous 
micrococci. But inoculations of rabbits with these failed 
to produce any results. 

"At first I made an alcoholic extract of the cheese. After 
the alcohol was evaporated in vacuo at a low temperature, 
a residue consisting mainly of fatty acids remained. I ate 
a small bit of this residue, and found that it produced dry- 
ness of the throat, nausea, vomiting, and diarrhoea. The 
mass of this extract consisted of fats and fatty acids, and 
for some weeks I endeavored to extract the poison from 
these fats, but all attempts were unsuccessful. I then made 
an aqueous extract of the cheese, filtered this and drinking 
some of it, found that it also was poisonous. But afl«r 
evaporating the aqueous extract to dryness on the water- 
bath at 100°, the residue thus obtained was not poisonous. 
From this I ascertained that the poison was decomposed or 
volatilized at or below the boiling point of water. I then 
tried distillation at a low temperature, but by this the 
poison seemed to be decomposed. 

"Finally, I made the clear, filtered aqueous extract, 
which was highly acid, alkaline with sodium hydrate, agi- 
tated this with ether, removed the ether, and allowed it to 
evaporate spontaneously. The residue was highly poison- 
ous. By resolution in water and extraction with ether, the 
poison was separated from foreign substances. As the ether 
took up some water, this residue consisted of an aqueous 
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800Q followed by severe pain id the epigastric r^on, 
cramps in the feet aiid lower limbs, pui^ing and griping 
pain in the bowels, a sensation of numbness or pins and 
needles, especially in the limbs, and lastly, very marked 
prostration, amounting almost to collapse in a few cases. 

"The vomit at first consisted of the contents of the 
stomach, and had a strong odor of cheese ; afterward it 
consisted of mucus, bile, and in three or four of the severer 
cases blood was mixed with the mucus in small quantities. 
Microscopic examination of the same was not made, but to 
the eye it appeared as such. The vomiting and diarrhoea 
lasted from two to twelve hours ; the rigors aud muscular 
cramps, one to two hours. The diarrhoeal dischai^es, at 
first feecal, became later watery and light colored. No 
deaths occurred, and for the most part the effects were 
transient, aud all that remained on the following day were 
the prostration and numbness ; the latter occurred in about 
one-half the cases, and disappeared in from one to three 
days. 

" Children, as a rule, seemed to suffer less than adults, 
and, of course, it was not possible to elicit as definite symp- 
toms from them. The suddenness of the attack was 
remarked by all, some feeling perfectly well until the 
moment of attack. Nor did the symptoms seem to be in 
proportion to the amount of cheese taken ; some of the 
severest cases declared they had not eaten more than a cubic 
inch of it. One of the severest cases was about six and 
one-half months pregnant, but no interference with preg- 
nancy occurred. All the cheese which caused the sickness 
came from the same piece." 

The second sample of cheese examined by Wallace 
came from Riverton, N. J. This outbreak included a 
smaller number of persons, all of whom recovered. 
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digitalis, whiskey, and the aromatic spirits of ammonia. 
On Saturday the symptoms in all remained unimproved, 
and in the mother and son the stupor and labored breath- 
ing grew more marked. 

" ^ On Sunday, I again went to Ann Arbor, and brought 
Dr. Vaughan with me to see the patients. The tempera- 
ture of the mother on Sunday was as low as 94°, and that 
of the son 95°. Dr. Vaughan agreed with me as to diag- 
nosis and treatment. Sunday evening, the patients were 
all removed to the house of a neighbor, about forty rods 
distant (the reasons for this will be given later). Dr. 
Vaughan and I both expressed the fear that the mother, 
and possibly the son, would not live through the night. 
Both of these rapidly grew worse, and the son died at 7.45 
A.M., and the mother at 4 p.m., Monday. 

" ' During Monday the daughter rapidly grew worse, and 
at the time of her mother's death could not be aroused, and 
practically she remained unconscious from that time on. 
The father was very weak, but retained his consciousness 
all the time. Convulsive movements of the limbs had 
been noticed in the son, but not in the mother. These 
now became more marked in the daughter, who remained 
in the heavy stupor, with labored breathing, until 5 p.m. 
Thursday, when she died. 

" ' Mr. Evans has slowly improved, and now, October 
18th, is able to walk about the room. The sodium sali- 
cylate, even in the small doses used, seemed to cause severe 
headache ; so apparent was this that the drug was discon- 
tinued, and drop doses of amyl nitrite, given every hour, 
seemed to relieve the pain in the head. The father's tem- 
perature remained below the normal until Thursday, Octo- 
ber 14th, when it reached the normal. After this it was 
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seriously affected many persons at Lawtow, Michigan. 
Vanilla had been used for flavoring, and it was supposed 
that the ill-effects were due to the flavoring. This belief 
was strengthened by the fact that a portion of the custard 
was flavored with lemon, and the lemon cream did not 
affect any one unpleasantly. Fortunately, some of the 
vanilla extract remained in the bottle from which the 
flavoring for the ice-cream had been taken, and this was 
forwarded to the chemists. Each of the experimenters 
took at first thirty drops of the vanilla extract, and no ill- 
effects following this, one of them took two teaspoonfuls 
more, with no results. This proved the non-poisonous 
nature of the vanilla more satisfactorily than could have 
been done by a chemical analysis. 

Later, it was found that that portion of the custard 
which had been flavored with lemon was frozen immedi- 
ately ; while that portion which was flavored with vanilla 
and which proved to be poisonous, was allowed to stand 
for some hours in a building, which is described as follows 
by a resident of the village : 

"The cream was frozen in the back end of an old 
wooden building on Main Street. It is surrounded by 
shade, has no underpinning, and the sills have settled into 
the ground. There are no eve-troughs, and all the water 
falling from the roof runs under the building, the streets 
on two sides having been raised since the construction of 
the house. The building had been unoccupied for a 
number of months, consequently had had no ventilation, 
and what is worse, the back end (where the cream was 
frozen) was last used as a meat market. The cream which 
was affected was that portion last frozen ; consequently it 
stood in an atmosphere like that of a privy vault for up- 
ward of an hour and a half or two hours before being frozen." 
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tained from this meal ptomaines, some of which give the 
same color reaction as strychnine. In 1886, Ladd suc- 
ceeded in isolating from " heated " corn-meal a ptomaine 
which forms in urea-like crystals. The quantity was not 
sufficient for an ultimate analysis, and the physiological 
action has not been studied. Poisoning from decomposed 
and mouldy bread is not unknown. 
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CHAPTEK III. 

THE RELATION OF PTOMAINES TO DISEASE. 

That specific microorganisms are concerned in the causa- 
tion of certain diseases cannot now be questioned. The 
evidence on this point, for a few diseases at least, amounts 
to a positive demonstration. The rules given by Koch 
for determining whether or not a given bacterium is the 
cause for a certain disease do not admit of any question 
when they are fully complied with. While it is not our 
purpose to treat of questions of bacteriology, it may be well 
in order to discuss intelligently the relation of ptomaines 
to disease, and in order to have the chain of evidence un- 
broken, to give briefly these rules. In a condensed form 
they may be stated as follows : 

(1) The special bacterium must be present in all cases of 
that disease. 

The importance of this rule is self-evident. If one case 
of the disease could be found in which the micro5rganism 
did not exist, then its supposed causal relation to that dis- 
ease must be false. However, the invariable presence of 
any germ in a certain disease does not prove that the former 
is the cause of the latter. Indeed, so long as the investiga- 
tion goes no further than this, we are justified in saying 
that the microorganism may be an accompaniment or a 
consequence of the disease. Therefore, additional evidence 
is wanting and is furnished by complying with the other 
rules of Koch. 

(2) The special microorganism must be freed from other 
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haemoglobin. Toepper and Roloff reported cases of 
apoplectiform anthrax in which there was no difficulty in 
respiration. Toussaint caused animals which had been 
inoculated with the anthrax bacillus to breathe air con- 
taining a large volume of oxygen, and found that this did 
not modify the symptoms or retard death. Finally, 
Nencki determined the amount of physiological oxidation 
going on in the bodies of animals sick with anthrax by 
estimating the amount of phenol excreted after the adminis- 
tration of one gram of benzol, and found that the oxida- 
tion of the benzol was not diminished by the disease. Thus, 
the theory that germs destroy life by depriving the blood 
of its oxygen has been found not to be true for anthrax, 
and if not true for anthrax, certainly it cannot be for any 
other known disease. The bacillus anthraeis is, as has been 
stated, aerobic, while most of the pathogenic bacteria are 
anaerobic — that is, they live in the absence of oxygen. This 
element is not necessary to their existence, and, indeed, 
when present in large amount, it is fatal to their existence. 
Moreover, in many diseases, the bacteria are not found in 
the blood at all. Lastly, the symptoms of these diseases 
are not those of asphyxia. These facts have caused all 
bacteriologists to acknowledge that this theory is not the 
right one. 

(2) If a properly stained section of a kidney taken from 
a guinea-pig, which has been inoculated with the bacillus 
anthraeis, be examined under a microscope, the bacilli will 
be found to be present in such large numbers that they form 
emboli, which not only close, but actually distend the 
capillaries and larger bloodvessels, and interfere with the 
normal functions of the organ. A similar condition is 
sometimes found on microscopical examination of the liver, 

spleen^ and lungs. From these appearances, it was inferred 

8* 
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further on in a brief sketch of some of the best known 
infectious diseases. 

Before taking up the individual diseases, we will give 
what appears to us, in the present state of our knowledge, 
a correct definition of an infectious disease. 

An infectious disease arises when a specific, pathogenic 
microorganism, having gained admittance to the body, and 
having found the conditions favorable, grows and multi- 
plies, and in so doing elaborates a chemical poison which 
induces its characteristic eflFects. 

In the systemic infectious diseases, such as anthrax, 
typhoid fever, and cholera, this poison is undoubtedly taken 
into the general circulation, and affects the central nervous 
system. In the local infectious diseases, such as gonorrhoea, 
and infectious ophthalmia, the principal action of the poison 
seems to be confined to the place of its formation. Though 
even in these, when of a specially virulent type, the effects 
may extend to the general health. It may be that in some 
diseases the chemical poison has both a local and a systemic 
effect. Thus, it is by no means certain that the ulceration 
of typhoid fever is due directly to the bacillus. On the 
other hand, it is altogether probable that the anatomical 
changes in the intestine result from the irritating effects of 
the ptomaine at the place of its formation. 

In a recent article, Neelsen has given the following 
classification of germ diseases : 

(1) General acute mycoses. In this class of diseases, the 
germ grows exclusively in the bloodvessels, from which it 
is not able to escape. However, at the point of inoculation 
it may produce lesions in the form of inflammatory oedema 
or hemorrhagic infiltration. As types of this class, may be 
mentioned anthrax, and mouse-septicaemia. 

The deleterious effects do not result from the consump- 



ANTHRAX. 95 

As mycoses of the blood with secoudary suppuration and 
necrosis, we may mention variola, diphtheria, and osteo- 
malacia. 

(4) Mycoses vnth tissue proliferation or infective ulcers. 
The new formations show a tendency to degenerative 
changes, suppuration, and necrosis. Such are typhoid 
fever, glanders, tuberculosis, leprosy, and syphilis. 

Anthrax. — ^The definition of an infectious disease, as 
we have given it, is well illustrated by the facts which have 
been learned concerning the causation of anthrax, which, 
probably, has been more thoroughly studied than any other 
infectious disease. Kausch taught that anthrax had its 
origin in paralysis of the nerves of respiration. Delafond 
thought that the cause of the disease was to be found in the 
influence of the chemical composition of the soil affecting 
the food of animals, and leading to abnormal nutrition. 
The investigations of Gerlach, in 1845, demonstrated the 
contagious nature of the disease, which was emphasized by 
Heusinger in 1850, and accepted by Virchow in 1855. 
However, in 1849, Pollender found numerous, rod-like 
microorganisms in the blood of animals with the disease. 
This observation was confirmed by Brauell, who pro- 
duced the disease in healthy animals, by inoculation with 
matter taken from a pustule on a sick horse. Attempts 
were made to ridicule the idea that these germs might be 
the cause of the disease, and it was said that the bodies 
seen were only fine pieces of fibrin, or blood-crystals. But, 
in 1863, Davaine showed that these little bodies must 
have some causal relation to the disease, inasmuch as his 
experiments proved that inoculation of healthy animals 
with the blood of animals sick with anthrax produced the 
disease only when the blood contained these organisms. He 
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precipitates obtained from the cultures of the cholera bacil- 
lus and the staphylococcus aureus, the latter less energeti- 
cally than the former, dissolved the fibrin and the solutions 
gave reactions for peptones. 

RiETSCH believes that the destructive changes observed 
in the intestines in cholera are due to the action of this 
peptonizing ferment. 

Cantani injected sterilized cultures of the comma bacillus 
into the peritoneal cavities of small dogs and observed after 
from one-quarter to one-half hour the following symptoms : 
great weakness, tremor of the muscles, drooping of the head, 
prostration, convulsive contractions of the posterior extremi- 
ties, repeated vomiting, and cold head and extremities. 
After two hours these symptoms began to abate, and after 
twenty-four hours the recovery seemed complete. Control 
experiments with the same amounts of uninfected beef-tea 
were made with negative results. These cultures were three 
days old when sterilized. Older cultures seemed less poison- 
ous, and a high or prolonged heat in sterilization decreased 
the toxicity of the fluid. From these facts Cantani con- 
cludes that the poisonous principle is volatile. The cultures 
in bouillon containing peptone were more poisonous than 
those in simple bouillon. 

Klebs has attempted to answer experimentally the ques- 
tion. In what way does the cholera germ prove harmful ? 
Cultures of the bacillus in fish preparations were acidified, 
filtered, the filtrate evaporated on the water-bath, the residue 
taken up with alcohol and precipitated with platinum chlo- 
ride. The platinum was removed with hydrogen sulphide, 
and the crystalline residue obtained on evaporation was dis- 
solved in water and injected intravenously into rabbits. 
Muscular contractions were induced. Death followed in 
one animal, which, in addition to the above treatment, re- 
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oeived an injection of a non-sterilized culture. In this case 
there was observed an extensive calcification of the epithelium 
of the uriniferous tubules. Klebs believes this change in 
the kidney to be induced by the chemical poison, and from 
this standpoint he explains the symptoms of cholera as 
follows : The cyanosis is a consequence of arterial contrac- 
tion, the first effect of the poison. The muscular contrac- 
tions also result from the action of the poison. The serous 
exudate into the intestines follows upon epithelial necrosis. 
Anuria and the subsequent severe symptoms appear when 
the formation and absorption of the poison become greatest. 

HuEPPE states that the severe symptoms of cholera can. 
be explained only on the supposition that the bacilli pro- 
duce a chemical poison, and that this poison resembles 
muscarine in its action. 

BujwiD found that on the addition of from five to ten 
per cent, of hydrochloric acid to bouillon cultures of the 
cholera bacillus, there was developed after a few minutes a 
rose-violet coloration which increased during the next half 
hour and in a bright light showed a brownish shade. The 
coloration is more marked if the culture is kept at about 
37°. In impure cultures this reaction does not occur. 
The Finkler-Prior bacillus cultures give after a longer 
time a similar, but more of a brownish coloration. Cul- 
tures of many other bacilli were tried and failed to give 
this reaction. 

Brieger found that this color is due to an indol deriva- 
tive. In cholera cultures on albumens he obtained indol 
by distillation with acetic acid. 

BujwiD has recently made a further contribution to our 
knowledge of the "cholera-reaction." His conclusions are 
as follows : 

(1) Five to ten per cent, of hydrochloric acid added to 
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cholera cultures produce a rose-violet coloration^ which is 
characteristic of the comma bacillus. 

(2) No other bacterium gives the same coloration under 
the same conditions. 

(3) The coloration appears in such cultures which are 
from ten to twelve hours old, so that this test can be used 
for diagnostic purposes, and will give results before they 
can be obtained by plate cultures. 

(4) Impure cultures do not give this reaction. 

Dunham finds the bast medium for the "cholera-reac- 
tion" to be a one per cent, alkaline peptone solution with 
one-half per cent, of common salt. Btjjwid prefers a two 
per cent, feebly alkaline peptone solution with salt. Jadas- 
sohn finds that gelatine cultures give the reaction both 
before and after the liquefaction of the gelatine. The un- 
dissolved gelatine, aft^r the addition of hydrochloric or 
sulphuric acid, becomes rose-violet. 

Cohen claims that cultures of other bacilli give a similar 
coloration, but Bujwid explains that the results obtained 
by Cohen were due to the use of impure acids, which con- 
tained nitrous acid. Salkowski agrees with Bujwid, 
and states that, when acids wholly free from nitrous acid 
are used, the reaction is characteristic of the comma bacillus. 
He explains the reaction by supposing that the germ pro- 
duces nitrous acid, which exists in the culture as a nitrite. 
On the addition of an acid the nitrous acid is set free, and 
acting upon the indol, which is also present, gives the 
coloration. 

The reaction can also be obtained by adding crystallized 
oxalic acid to the culture. 

ScHUCHARDT calls attention to the fact that ViRCHOW 
observed a red coloration on the addition of nitric acid to 
filtered cholera stools forty years ago. Griesinger, in 
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1885, also made mention of the production of a red colora- 
tion in rice-water stools on the addition of nitric acid. 

A "cholera-blue" has also been observed by Brieger, 
in cultures in meat extract containing peptone and gelatine. 
This substance, which is yellow by reflected, and blue by 
transmitted light, is developed by the addition of concen- 
trated sulphuric acid to the culture. It may be separated 
from the "cholera-red " as follows : Treat the culture with 
sulphuric acid, then render alkaline with sodium hydrate, 
and extract with ether. Evaporate the ether, and remove 
the "cholera-red" with benzol, then again dissolve the 
"cholera-blue" in ether. The characteristic absorption 
bands for this coloring matter begin in the first third of the 
spectrum, between E and F, and darken all of the zone 
lying beyond. 

V1L.L.IEEIS isolated by the Stas-Otto method from two 
bodies dead from cholera, a poisonous base which was 
liquid, pungent to the taste, and possessed the odor of haw- 
thorn. It was strongly alkaline, and gave precipitates with 
the general alkaloidal reagents. From one to two milli- 
grams of this substance, injected into frogs, caused decreased 
activity of the heart, violent trembling, and death. The 
heart was found in diastole, and full of blood, and the 
brain slightly congested. However, the presence of this 
substance in the bodies of persons who have died of cholera 
does not prove that its production is due to the cholera 
bacillus. 

Pouch ET extracted from cholera stools, with chloroform, 

an oily base belonging to the pyridine series. It readily 

reduces ferric as well as gold and platinum salts, and forms 

an easily decomposable hydrochloride. It is a violent 

poison, irritating the stomach, and retarding the action of 

9* 
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remained on the ground for some hours, and when assist- 
ance came the muscles and skin were found torn and the 
wounds filled with dirt. On the fifth day he showed symp- 
toms of tetanus, from which he died on the eighth day. 
Inoculations and examinations for the bacillus were again 
successful. Terrari also made successful inoculations 
with the blood taken during life from a woman with tetanus 
after an ovariotomy. Hocksinger has confirmed the 
above-mentioned observations by carefully conducted exper- 
iments, the material for which was furnished by a case of 
tetanus arising from a very slight injury to the hand, the 
wound being filled with dirt. Shakespeare has sucr 
ceeded in inducing tetanus in rabbits by inoculating them 
with matter taken from the medulla of a horse and of a 
mule, both of which had died from traumatic tetanus. 
These uniform observations leave no room to doubt that 
tetanus is often, at least, due to a germ which exists in 
many places in the soil, and that the disease is transmissible 
by inoculation. 

BoNOME observed nine cases of tetanus among seventy 
persons injured by the falling of a church from the earth- 
quake at Bajardo. The bacillus of Nioolaier was 
detected in the wounds, and animals inoculated with the 
lime-dust of the fallen building died of tetanus. Of many 
persons injured by the falling of another church at the same 
time, none had tetanus, and animals inoculated with the 
lime from this church suffered no inconvenience. 

The same experimenter found the bacillus in the wound 
of a sheep which died from tetanus after castration. 

Beumer found the tetanus bacillus in the sloughing 
tissue of the umbilical cord of a child which was taken ill 
on the sixth day after birth, and died four days later fix)m 
tetanus. From this he concludes that tetanus neonatorum 
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results and observed after death enlargemeut of the apleen, 
mesenteric glands, and intestinal follicles. Moreover, 
microscopical examination of the spleen showed the same 
conditions which are found in the spleen of persons dead 
of typhoid fever. Seitz, using Koch's method of cholera 
inoculation, produced with the typhoid bacillus acute ente- 
ritis, with ulceration and enlargement of the spleen. 
Vaughan and Now, using the germ which they had 
obtained from drinking water, produced in a cat vomiting, 
great muscular weakness or prostration, primary depression 
of temperature four degrees below the normal, and secondary 
elevation of temperature three degrees above the normal. 
Section showed ulceration in both the small intestine and 
ascending colon. Results of this kind leave no doubt that 
the bacillus first described by Eberth is the true germ of 
typhoid fever. 

In 1885, Brieger obtained from pure cultures of the 
typhoid bacillus a toxic ptomaine, which produced in 
guinea-pigs a slight flow of saliva, frequency of respira- 
tion, dilatation of the pupils, profuse diarrhoea, paralysis, 
and death within from twenty-four to forty-eight hours. 
Post-mortem examination showed the heart in systole, the 
lungs hypersenaic, and the intestines contracted and pale. 
This substance Brieger considers the special poison of 
typhoid fever, and calls it typhotoxine. However, he 
obtained with this poison no elevation of temperature. 

In 1887, Vaughan and Novy obtained from pure 
cultures of the typhoid bacillus, found in drinking water 
which had been the supply for many persons who had the 
disease, an extract which, when injected under the skin of 
cats, caused an elevation in the temperature of from two 
to four and one-half degrees above the normal. 

SiROTiNiN and Beumer and Peiper have produced the 
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same pathological phenomena by inoculating animals with 
sterilized cultures that they obtained with the germ. They 
found that the severity of the symptoms varied with the 
amount of the culture injected. 

In one sick of typhoid fever, the bacillus grows and 
multiplies in the intestines and forms the poison, the ab- 
sorption of which is followed by the rise in temperature 
and other symptoms of the disease. The lesions in the 
intestines are probably due to the bacteria themselves, or 
possibly to the local irritating effect of the ptomaine. 

Cholera Infantum. — There are many reasons for 
believing that this disease is sometimes at least due to 
poisoning by tyrotoxicon. The fact that infants nourished 
exclusively from the mother^s breast are almost wholly 
exempt from the disease strengthens this belief. We have 
already seen how quickly and abundantly this poison 
appears in milk when the conditions are favorable. More- 
over, the symptoms induced by the poison agree with those 
observed in the disease, and the post-mortem changes are 
identical. Cholera infantum is a disease of the summer 
months, when decomposition in milk goes on most readily. 
It is most common in cities and among classes who cannot 
obtain fresh milk or have not the means necessary to keep 
it fresh. Moreover, it is often allowed to stand in a foul 
atmosphere, and all know that milk readily takes up dis- 
agreeable odors. Even in the country, insufficient atten- 
tion is given to the care of milk. Cows stand and are 
milked in filthy barns. The udders are generally not 
washed before the milking, and the vessels for the milk 
are frequently not as clean as they should be. There can 
be no doubt that greater attention to the milk used by 
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injections of sterilized cultures of the germ of septicaemia 
{imaJlignaTd cedeina of Koch and Ga.ffky ygariffrine gazeuae 
of Chauveau and Arloing) give immunity from the 
effects of the living germ, as is proven by subsequent 
inoculation. 

Pasteur is inclined to the belief that the protection 
which he secures against hydrophobia is due to the action 
of a chemical substance, or a ptomaine, and not to a living 
germ. Pasteur and Perdrix have made some experi- 
ments which go to show that the injection of sterilized 
anthrax blood affords protection against subsequent inocu- 
lation with the bacillus anthracis in rabbits. 

These experiments are of the greatest value. However, 
it is too early yet to assert that the immunity thus secured 
by intoxication with ptomaines is identical with that secured 
against smallpox by vaccination. Grant that Pasteur is 
right in supposing that his method of securing immunity 
against hydrophobia is due to a chemical substance and not 
to a living organism (and we think his method is most 
rationally explained in this way), then the question arises, 
Has he really vaccinated the person against hydrophobia, or 
has he simply established a tolerance for the poison of 
hydrophobia? The period of continuance of the immunity 
should be determined. Sewall found that he could estab- 
lish a tolerance for the venom of the rattlesnake in pigeons, 
but after six months the tolerance was lost. 



10 



CHAPTEE lY. 

THE IMPORTANCE OF PTOMAINES TO THE TOXICOLOGIST. 

The presence in the cadaver of substances, which give not 
only the general alkaloidal reactions but respond to some of 
the tests which have hitherto been considered characteristic 
of individual vegetable alkaloids, must be of the greatest 
importance to toxicologists. The possibility of mistaking 
putrefactive for vegetable alkaloids should always be borne 
in mind by the chemist in making his medico-legal investi- 
gations. On the other hand, as we have seen in preceding 
chapters, cases of poisoning by ptomaines sometimes termi- 
nate fatally, and in such instances the chemist should not 
be satisfied with determining the absence of mineral and 
vegetable poisons, but should strive to detect in the food 
or in the dead body positive evidence of the presence of 
the putrefactive alkaloid. 

In this chapter we will give an account of those cases in 
which putrefactive substances have been found to resemble 
in their reactions the vegetable alkaloids. 

CoNiiNE-LiKE Substances. — The most celebrated case 
in which a substance giving reactions similar to those of 
coniine has been found, was the Brandes-Krebs trial, which 
took place in Braunschweig in 1874. From the undecom- 
posed parts of the body two chemists obtained, in addition 
to arsenic, an alkaloid which they pronounced coniine. This 
substance was referred to Otto for further examination. 
Otto reported that the substance was neither coniine nor 
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nicotine, nor any vegetable alkaloid with which he was 
acquainted. Otto converted the substance into an oxalate, 
dissolved it in alcohol, evaporated the alcohol, dissolved 
the residue in water, rendered this solution alkaline with 
potash, then extracted the base with petroleum ether. On 
evaporation of the petroleum ether the alkaloid appeared as 
a bright yellow oil, which had a strong, unpleasant odor, 
quite different, however, from that of coniine. It was 
strongly alkaline and had an intensely bitter taste. At 
ordinary temperature, it was volatile. From its aqueous 
solution it was precipitated by the chlorides of gold, plati- 
num, and mercury. In these reactions it resembled nico- 
tine, from which it differed in the double refractive and 
crystalline character of its hydrochloride. With an ethereal 
solution of iodine this substance did not give the Roussin 
test for nicotine, but instead of the long ruby-red crystals, 
there appeared small, dark green, needle-shaped crystals. 

This substance was found to be highly poisonous. Seven 
centigrams injected subcutaneously into a large frog pro- 
duced instantaneous death, and forty-four milligrams given 
to a pigeon caused a similar result. On account of its 
poisonous properties the jury of medical experts decided 
that the substance was a vegetable alkaloid. Otto says 
that this decision astounded the chemists. 

Brouardel and Boutmy found in the body of a woman 
who had died, after suffering with ten other persons, from 
choleraic symptoms from eating of a stuffed goose, a base 
which gave the odor of coniine and the same reactions with 
gold chloride and iodine in potassium iodide, etc., as coniine. 
The same base was found in the remainder of the goose. 
But it did not give a red coloration with the vapor of 
hydrochloric acid, and it did not form butyric acid on 
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same degree. Moreover, there is no proof that Tamba 
worked with pure ptomaines. 

Tamba has also proposed to separate v^table from 
putrefactive alkaloids by adding to ethereal solutions of 
mixtures an equal volume of a saturated ethereal solution 
of ox^ic acid, and allowing to stand, when the oxalates of 
the vegetable alkaloids will separate in crystalline form, 
and the oxalates of the ptomaines will remain in solution. 
In other words, the oxalates of the vegetable alkaloids 
are insoluble in ether, while the oxalates of the putrefactive 
alkaloids are soluble in ether. But, in contradiction to this, 
BocKLiscH states that the oxalate of cadaverine is insoluble 
in ether. 
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above the surface of the liquid. The tube (a) is connected 
with a water-pump or aspirator, which draws the vapor 
through the tube. In order to prevent the return of con- 
densed fluids, the end of (a) in the flask is curved upon 
itself. The tube (b) is finely drawn out and through it a 
current of air is constantly moving. This prevents the 
formation of a deposit or a pellicle in the fluid. By regu- 




lating the amount of air coming through this tube, more 
or less of a vacuum will be formed in the flask. After 
evaporation to a syrup, an extraction is made with 96 per 
cent, alcohol, and the filtered extract is treated with a warm 
alcoholic solution of lead acetate. The lead precipitate is 
removed by filtration, the filtrate evaporated to a syrup and 
again extracted with 96 per cent, alcohol. The alcohol is 
driven off; the residue taken up with water; traces of 
lead removed with hydrogen sulphide; and the filtrate, 
acidified with hydrochloric acid, evaporated to a syrup. 
This syrup is extracted with alcohol, and the filtrate pre- 
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becomes gradually weaker, and finally, after several hours, 
the animal dies, with the heart in diastole. Doses of 0.05 
to 0.3 gram of the hydrochloride, injected into guinea-pigs, 
produce in a short time a slight tremor, gradual increase in 
respiration, and slight moistening of the lower lip. The 
pupils at first contract, then dilate ad maximum, and become 
reactionless. The temperature remains at first normal ; 
chills of short duration follow in rapid succession. The 
animal squats on the ground with its snout pressing against 
the floor in exactly similar manner as is caused by the 
mussel poison. Violent clonic convulsions follow in con- 
tinually shorter intervals, and at the same time lachryma- 
tion and salivation become profuse, but not as excessive 
as in the case of the muscarine-like ptomaines. The tem- 
perature sinks with the decrease in the rate of respiration, 
the ears previously gorged become pale and cold, and the 
heart-action becomes irregular and less frequent than before. 
Greneral paralysis sets in, but the head still moves upward 
and backward. External stimuli induce violent clonic 
convulsions, the animal repeats frequently choking move- 
ments, and at the same time yields large quantities of 
saliva; finally, it falls upon its side completely paralyzed, 
and dies. The heart stops in diastole, the intestines are 
pale and strongly contracted, and the bladder is empty and 
likewise contracted. 

A BAkSE CgHjjNgO^ was obtained by Pouchet (188i) 
from the residual liquors resulting from an industrial treat- 
ment of debris of bones, flesh, and waste of all kinds, with 
dilute sulphuric acid. It is accompanied by another base, 
CyHjgNjOg, from which it can be separated by treatment 
with alcohol. The base itself forms tufts of delicate needles 
which alter or decompose less easily than the accompanying 
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be due to the presence of a nitrate or nitrite. The tyro- 
toxieon must be converted into the potassium compound 
and purified before the absence of nitrate or nitrite can be 
positively demonstrated. Moreover, the physiological test 
should always be made in testing for this poison. 

With platinum chloride in alcoholic solution tyrotoxioon 
forms a compound which explodes with great violence at 
the temperature of the water-bath. This also corresponds 
with the compound of platinum chloride and diazobenzole. 

Pure tyrotoxicon is insoluble in ether, and its extraction 
from alkaline solutions by this solvent is due to the pres- 
ence of foreign matter, with which the poison is taken up 
by the ether. 

The physiological action of this ptomaine has been suffi- 
ciently discussed in a preceding chapter. 

Mydaleine {fivdaMog, putrid) is a poisonous base 
obtained from putrefying cadaveric organs, liver, spleen, 
etc. (Brieger, II., 31, 48). Though it is apparently 
present on about the seventh day, it is unobtainable until 
about the third or fourth week. The method for its sepa- 
ration from the accompanying bases is given under saprine 
(page 1G9). It is liable to occur in the mercuric chloride 
filtrate as well as in the precipitate, inasmuch as the double 
salt is insoluble only in perfectly absolute alcohol. In order 
to purify the platinochloride as obtained on page 169, it is 
repeatedly recrystallized from a very small quantity of 
lukewarm water. This base has not been obtained in suffi- 
cient quantity to permit a complete determination of its 
composition. It is probably a diamine, containing four or 
five carbon atoms, and hence is nearly related to some of 
the diamines already described. 

The Platinochloride, on analysis, gave : Pt=38.74, 



218 PTOMAINES. 

putrescine platiaochloride was removed. In the mother- 
liquors from the putrescine salt an easily soluble platinum 
compound was separated, and found to contain 41.30 per 
cent. Pt. It crystallized in fine needles. The hydro- 
chloride forms small, readily deliquescent needles, and does 
not produce a precipitate in alcoholic platinum chloride. 
Injected into guinea-pigs and rabbits it induced an exalted 
peristaltic action of the intestines, which lasted several days, 
and produced in the animals, on account of the continuous 
evacuations, a condition of great weakness. No disturb- 
ance in the functions of the other organs was observed. 

A Base was isolated from decomposing haddock which 
were exposed for five days during summer in an open iron 
vessel. Brieger (I., 42) found in the aqueous mercuric 
chloride precipitate (see page 205) a base the hydrochloride 
of which crystallized in well-formed, small needles. The 
platinochloride likewise crystallized in beautiful needles, 
and gave, on analysis, 36.03 per cent, of Pt ; 7.81 per cent. 
ofN. 

A substance of muscarine-like action was obtained bv 
Brieger (I., 59) from putrefying gelatine, ten days at 35°, 
though in insufficient quantity to permit a determination 
of its character. The residue containing this substance 
gave, on distillation with alkali, only ammonia. 

A Base was obtained by Bocklisch (III., 52, 53) from 
herring which had undergone putrefaction for twelve 
days. It was found in the distillate, together with trime- 
thylamiue and dimethylaraine, obtained by distilling the 
mercuric chloride filtrate, after the removal of the mercury, 
with sodium hydrate. The platinochloride was easily 
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Heteroxanthine, CgHgN^Og. 
Paraxanthine, CyHgN^O,,. 
Carnine, C7H8N4O3. 

Pseudoxanthine, C4H5N4O. 
Spermine, CaH^N. 

The members of the second group have all been dis- 
covered by Gautier, and by him are regarded as allied 
to creatine and creatinine. These two substances, especially 
the latter, have been hitherto regarded as strongly basic in 
character, but Salkowski has recently shown that creati- 
nine, when perfectly pure, possesses little or no alkaline 
reaction, and, moreover, does not combine with acids. The 
bases in this group are : 

(Creatinine, C^H^NgO.) 

(Creatine, C^HgNgOg.) 

Cruso-creatinine, C^HgN^O. 

Xantho-creatinine, CgHj^N^O. 

Amphi-creatine, CgH^gN^O^. 

Base, (^iiH24Nio06. 

Base, CiaHgjNuOg. 

Besides these two general classes of leucomaines, there 
may be made a third class of undetermined leucomaines, 
embracing those bases which have been observed, but 
studied more or less incompletely, in the various physio- 
logical secretions of the body. 

Leucomaines of the Uric Acid Group. 

Adenine, C5H5N5, which has been recently (1885) 
discovered by Kossel, forms the simplest member of the 
uric acid group of leucomaines, and as such it deserves 
special attention, inasmuch as it shows most clearly the 



254 



LEUOOMAINKS. 



fails to show either a urea or a guanidine residue, and yet 
it is a well-known fact that guanine on oxidation yields 
parabanic acid and guanidine (page 247). In a similar 
manner, his xanthine formula fails to show up the urea 
residues which we know to be present. 

HoRBACZEWSKi's synthesis of uric acid has thrown con- 
siderable light upon the constitution of these bases. As a 
consequence of his method of synthesis uric acid was shown 
to possess the structural formula given below. E. Fischer 
has found, as a result of experimental work, the constitu- 
tion of xanthine to be expressed by the subjoined formula. 
We know that uric acid on treatment with nascent hydro- 
gen is converted into xanthine, then into hypoxanthine. 
It follows, therefore, that a relation exists between hypo- 
xanthine and xanthine similar to that between xanthine 
and uric acid. The formula of hypoxanthine, as deduced 
from this relation, and given below, probably represents 
its constitution quite closely. It is possible, however, that 
the CH and CO ' groups will be found to occupy the 
reverse position which they are given in this formula, in 
which case corresponding changes must be made in the 
formulae of guanine and adenine. The latter two are 
based upon the relation which these bodies bear to xanthine 
and hypoxanthine, and cannot be said to be the result of 
direct experimental evidence. 

NH— C — NH N = C — NH N=C — NH 



CO 



CO 



CH 



NH— C CO NH— C CO 






CO 



CO— NH 

Uric Acid. 

C.HAO, 



CH— NH 

Xanthine. 

c.n,N,o, 



CH— NH 

Htpoxanthine. 

C,H,N,0 
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he named samandarine. According to Calmeil, the poison 
from the toad contains methyl-carbylamine and isocyanacetic 
acid. 

Table of Leucomaines. 



Formula 


Name. 


Discoverer. 


Source. 


Physiological action. 


Cft B, Nfi 


Adenine. 


Kossel. 


Nuclein-contain- 
ing organs. 


Non>poisonoa8 ; muscle 
stimulant. 


Cb H4 N4 


Hypoxan thine. 


Scherer. 


Nuclein-contain- 
ing organs. 


Xon-poisonous ; muscle 
stimulant. 


Cb flfi Ng 


Guanine. 


Unger. 


Nuclein-contain- 
ing organs, 
guano. 


Non-poisonous; muscl«« 
stimulant. 


CBH4N4O8 


Xanthine. 


Marcet. 


Nuclein-contain- 
ing organs, 
calculi. 


Non-poisonous; muscle 
stimulant. 


Ct, Ho N4 Oj, 


Heteroxanthine. 


Salomon. 


Urine. 




C7H8N4O2 


Paraxan thine. 


Thudichum. 
Salomon. 


(( 




C7 Ha N4 08 


Carnine. 


Weidel. 


Liebig's meat 
extract. 


Non-poisonous; muscle 
stimulant. 


C4 Hfi Nfi 


P8eudoxanthine(?) 


Gautier. 


Muscle. 




CgHfiN 


Spermine. 


Schreiner. 


Sperma, in tis- 
sues of leuco- 
cytbfemics. 




C5 Hg N4 


Cruso-creatinine. 


Gautier. 


Muscle. 




Cfi H10N4 


Xuntho-creatinine. 


tt 


«t 


Pois<inous. 


C» HigN; O4 


Amphi-creatine. 


it 


it 




C11U24N10O6 


Unuanied. 


t( 


" 




C12H25NHO5 


t< 


t< 


it 




C7 H12N4 0^ 


t« 


Pouchet. 


Urine. 




Cs Hfi NO2 
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CHAPTEE yill. 

THE PATHOLOGICAL IMPORTANCE OF THE LEUCOMAINES. 

While the medical profession has been giving much 
time, attention, and energy in recent years to the study of 
infectious diseases, it has too much neglected a large and 
important class of ailments which arise within the body 
itself, and which may be called autogenous. It is true, 
without exception, so far as we know, that the excretions 
of all living things, plants and animals, are poisonous to 
the organisms which excrete them. A man may drink only 
chemically pure water, eat only that food which is free from 
all adulteration, and breathe nothing but the purest air, 
free from all organic matter, both living and dead, and yet 
that man's excretions would contain poisons. Whence do 
these poisons originate? They are formed within the body. 
They originate in the metabolic changes by which the com- 
plex organic molecule is split up into simpler compounds. 
We may suppose — indeed, we have good reasons for believ- 
ing — that the proteid molecule has certain lines of cleavage 
along which it breaks when certain forces are applied, and 
that the resulting fragments have also lines of cleavage along 
which they break under certain influences, and so on until 
the end-products, urea, ammonia, water, and carbonic acid 
gas, are reached : also that some of these intermediate frag- 
ments are highly poisonous compounds has b^en abundantly 
demonstrated. The fact that the hydrocyanic acid molecule 
is a frequent constituent of the leucomaines, as has been 

shown in the preceding pages, is one of great significance. 
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TiiBstkjlaBue ' Diethylamiiie 

Hydrodilffridc, • HydiooUoridef 

M(GHs)>.HGl 9(0siU)sH.H01 



pHospHOTiniosnc 
Aou>. 



Phosphomoltbdic 
Acid. 



PHOePHOAHTOfOHIC 

Acid. 



PiCKic Acid. 



Tannic Acid. 



Potassium Bismitth 

lODIDB. 



POTASSrUM MSBCUBIC 
lODIDK. 



Potassium Cadmium 

lODIDK. 



Gold Chlo&idb. 



Platinum Chloride. 



Mercuric Chloride. 



Iodine in Potassium 
Iodide. 



Iodine in Htdriodio 
Acid. 

Ferric Chloride 
AND Potassium 
Ferrictanide. 

Potassium Bichro> 
mate and conc. 
Sulphuric Acid. 



White ci78laIliDe ; 
precipitate, euily: 
soliibie in water. 



White gnuialar 
precipitate. 



■•■•••••••••••• 



Yellow precipitate, 
crystalliEiiig in 
needles 



Bed precipitate. 



Yellowish precipi- 
tate. 



Yellowish-white 
crystalline pre- 
cipitate. 



•••••• ••••••••• 



Brown precipitate, 
solidifying after 
some time in 
plates. 



Yellow precipitate. 



Precipitate easily 
soluble in excess. 



Brick-red precipi- 
tate. 



Oily precipitate, 
soon becomes 
granular. 



Id. 



Precipitate in con- 
centrated solution. 
Alcoholic HgClj 
= 0. 

Brown oily preci- 
pitate. 



Id. 



A Base (p. l^). Ethylideni 

HydroohH 
CoH^Na.r' 



GioHisN.HOl 



Yellowiah-wbito 
precipitate. 



Heavy yellow pre- Wbito procifl 

cipitote, difficultly, ■ 

soluble in MU4Ull;t J 

no blue color. ) 



YoIIowish-w 
cipitute, HO 
excel 



First amorphous, 
then assumes ' 

cauliflower shape ' 

i 

Whitish precipi- I 
tate. ! 



I 

t 
I 



Whitish precipi- 
tate. 



Precipitate 
plates. 



!i 



Yellow crystalline 
precipitate. 

Heavy yellow pre- 
cipitate. I 

White precipitate. 



Kermes colored 
precipitate. 



..I 



Id. 



Immediate Berlin 
blue precipitate. 



Potassium bichro- 
mate = yellow, 
hardly crystalline 
precipitate. 
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umine 

ide, 

01 


Fntreidiie, 
CUHisHs 


OadaYerinei 


Fntresoine 
Hydroohloridei 
O4H1SHS.2HOI 


Oadayerine 
HydrooUoride, 
O6H14HS.2HOI 


Henridine 
Hydrochloride, 
aHi4Vs.2H01 


Hethy]^ 
Hydnchlc 


• • • 

tate. 

te pre- 
mie in 

• •• 


White precipitate, 
solnble in exceaa. 

Tellow precipitate. 


White precipitate, 

easily soluble in 

excess. 

White crystalline 

precipitate, soluble 

in excess. 

White crystalline 
precipitate. 

Yellow needles. 

White amorphous 
precipitate. 

Brown precipitate. 

Resinous precipi- 
tate. 

• 


White precipitate. 
Yellow precipitate. 


White precipitate, 

easily soluble in 

excess. 

White crystaUine 
precipitate ; yel- 
low precipitate 
(Bocklibch). 

White precipitate, 
soluble in excess. 

Yellow needles. 


White amorphous 

precipitate, soluble 

in excess. 

White crystalliaed 
precipitate. 

White flocculent 
precipitate. 

Precipitates slowly 

in beautiful yellow 

needles. 



Bed amorphous 
precipitate. 





Crystalline pre- 
cipiUte. 


Yellow try? 
predpit 


Yellow needles. 

Dirty white preci 
pitate. 

Oily precipitate, 

BOun becomes 

crystalline. 

Id. 
Id. 


Well-formed, diffi- 
cultly soluble 
broad needles. 




r red 


First amorphous, 

then crystallisses 

in needles. 

Id. 


Bed needles. 


Brick-nd 
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Brown precipitate. 

Id. 

When perfectly 

pure, no blue 

color. 


Brown crystalline 
precipitate. 

Id. 


Brown needles. 

Id. 

No blue color when 
pure. 

Reddish-brown 

precipitate which 

soon disappears. 


Alooholi 

giyea jire 
in cone i 

Oilyd 
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rh Ifiiguanidine 
i.r:: IiKjhloride. 



. r i — 

— .? '«5ry8talline 
/ idpiUte. 

' 'j& 

j^.V - 

•,; r 

i) ■■ "•• 

,. , yred precipi- 

e 

m^ " 

o 

,ji«precipitate 
^{jC. solution. 

(ly drops. 



Id. 



Henrine Ohloride, 
06HisV.01 



White crystalline 
precipitate, insolu- 
ble in excess. 



White, voluminous 
precipitate. 



Oholine Ohloride, 
aHuNO.Gl 



White precipitate, 
insoluble in water; 

on standing be- 
comes crystallized. 

Voluminous pre- 
cipitate. 



White curdy pre- 
cipitate. 



Betaine Cbloridei 
0»Hi8N0s.01 



Dirty white volu- 
minous precipitate. 

Red amorphous 
precipitate. 



Tellowish-white, 
voluminous preci- 
pitate. 

White precipitate. 



A precipitate. 
A precipitate. 



White granular 
precipitate. 



Brown amorphous 
precipitate. 



Id 



Or 

0. 



Bed amorphous 
precipitate. 

Yellowish crystal- 
line precipitate. 



White precipitate, 
soluble in excess. 



Yellow precipitate. 



A precipitate, 
readily soluble in 
excess. 

Yellow needles. 



Typhotoxine 
Hydroohloride, 
O7H17NO8.HOI 



White crystalline 
precipitate. 



Yellow crystalline 
precipitate. 



Brick-red precipi- 
tate. 



Clear yellow, oily 



precipitate, soluble do not becon 
in excess. crystalline. 



White granular 
precipitate. 



Brown granular 
precipitate. 



A precipitate of 
fine needles. 



A Base (p. 209), 
O7H17VOS.HOI 



White precipitate. 



Yellow precipitate. 



DiflBcultly soluble 
precipitate. 



Resinous precipi- 
tate. 



Oily drops which 
do not become 



A precipitate of 

short prisms, rather 

easily soluble. 



Oily precipitate. 



Crystalline pre- 
cipitate. 

After a time gives 
a blue coloration. 



Alooholic ZnCls 
= needles. 



Id. 



T 



^ 






Brick-red amorph- 
ous precipitate. 



At first an oily pre- 
cipitate, which 
soon solidifies to 
needles. 
Id. 



Id. 



Id. 



Id. 



Id. 



o 



a from Gnl- 
tnruof 
loid BaolUns 
EOKR, ii. 69). 



te precipitate. 



lowiah- white 
rphouB preci- 
pitate. 
Idish-brown 
recipitate. 



iowish-white 
recipitate. 



Mydaleine 
HydrooUorlde. 



White precipitate, 
soluble in excess. 



Telluw amorphous 
precipitate. 



Yellow oily preci- 
pitate. 



Dirty brown oily 
precipitate. 



Yellow oily preci- 
pitate. 



Feptoxinet 



Yoluminoos white 
precipitate. 



Id. 



Oily drops. 



Microscopic 

needles united in 

tufts. 



A compact yellow 
precipitate. 



Id. 

Cadmium bismuth 

lODiDX — a red 
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AEROBIC bacteria, 16 
Alcoholic fermentation, bases 
in, 170 
Alkaloids, interference in reactions 

of, by ptomaines, 121 
Amphi-creatine, 274 
Anaerobic bacteria, 16 
Animal chinoidine, 23, 283 
Anthrax, 95 ; theory of, 87 
Apricots, poisonous, 52 
Atropine-like ptomaines, 24, 116 
Autogenous diseases, 13 
Azulmic acid, 273 

BACILLUS butyricus, 16 
Bacon, poisonous, 51 
Betaine, 195 
Bibliography of leucomaines, 311 

of ptomaines, 296 
Biliousness, 292 
Blood, leucomaines in, 284 
Bread, poisonous, 84 
Brieger's method, 130 

CADAVERINE, 160 
Caffeine, 251 
Canned meats, poisonous, 51 
Caproylamine, 148 
Carbon monoxide in expired air, 277 
Carbonic acid, 277 
Carnine, 262 
Caseic acid, 17 

Charcot-Neumann, crystals of, 265 
Cheese, poisonous, 52 
Cholera, 96 

blue, 101 

infantum, 107 

red, 99 
Choline, 184 

decompositions of, 189 

group, 179 

constitution of, 199 
Colchicine-like ptomaines, 118 
Colds, 292 
Collidine, 148 

Coniine-like ptomaines, 26, 110 
Corn-meal, ptomaines in, 31 
Creatine, 174, 245 



Creatinine, 174, group, 268 
Cruso-creatinine, 271 
Cyanogen, rdle of, 271 

HELPHININE-LIKE ptomaines, 

Diamines, 154 
Diethylamine, 146 
Dimethylamine, 142 
Dimethyl-xanthine, 258 
Disease, relation of ptomaines to, 86 
Dragendorff's method, 129 

EEL, poisonous, 40 
Ethj^lamine, 145 
Ethyleneimine, 267 
Ethylidenediamine, 154 
Expired air, leucomaines in, 277 

FEVER of exhaustion, 274 
of fatigue. 293 
of non-elimination, 294 

GADININE, 204 
Galactine, 284 
Grautier and Etard, methods of, 133 
Gautier, extraction of leucomaines, 

269 
Germ-diseases, classification of, 93 
Germs, relation of, to disease, 87 
Goose-grease, poisonous, 50 
Guanine, 243 

HAM, poisonous, 46 
Heteroxanthine, 255 
Hexylamine, 148 
Historical sketch of ptomaines, 18 
Hydrocollidine, 151 
Hydrocyanic acid, 271 
Hypoxanthine, 236 

ICE-CREAM, poisonous, 80 
Immunity by intoxication with 
ptomaines, 108 
Infectious diseases, 13 

definition and classification. 93 
Iso-amylamine, 147 
Iso-cyanacetic acid, 288 
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OCH'S rules, 86 



LACTOCHROME. 284 
Leucocjthsemia, urine in, 228, 
248 
Leucomaines, chemistry of, 224 
extraction of, 269 
of uric acid group, 227 
pathological importance of, 289 
tables of, 288 

MEAL and bread, poisonous, 84 
Meat, poisonous, 60 
Methylamine, 141 

carbylaraine, 288 

guanidine, 172 

hydantoin, 276 

uramine, 173 

xanthine, 249, 255 
Milk, poisonous, 60 

leucomaines in, 284 
Monamines, 141 
Morphine-like ptomaines, 115 
Muscarine, 198 
Mussel, poisonous, 34 
Mutton, poisonous, 51 
Mycoderma aceti, 16 
Mydatoxine, 199 
Mydaleine, 216 
Mydine, 177 
Mytilotoxine, 39, 202 

NARCOTIC base of Panum. 22 
Neelsen's classification, 93 
Neuridine. 166 
Neurine 179 

OSER'S base, 176 
Oxygenated bases, 177 
Oysters, poisonous, 40 

PARAXANTHINE, 258 
Parvoline, 152 
Pentamethylenediamine, 161 
Peptones, poisonous nature of, 286, 

291 
Peptotoxine, 222, 291 
Piperidine, synthesis of, 164 
Poisonous foods. 34 
Propylamine, 147 
Protamine, 267 
Pseudoxanthine, 265 
Ptomaine, definition of, 15 
table of, 224 



Ptomaines, extraction of, 125 

remarks upon, 134 
Puerperal fever, 108 
Putrescine, 156 
Putrid poison of Panum, 20 

SALIVA, leucomaines in, 282 
Samandarine, 287 
Saprine, 169 
Sausage, poisonous, 40 
Sebacic acid, 18 
Sepsine, 23 
Septicine, 148 
Septicaemia, 109 
Spasmotoxine, 148 
Spermine, 265 
Spleen, leucomaine in, 284 
Stas-Otto method, 127 
Strychnine-like ptomaines, 30, 114 

TETANINE, 211 
1 Tetanizing ptomaine, 31 
Tetanotoxine, 148 
Tetanus, 102 
Tetramines, 176 

Tetra-methyl-putrescine, 138 
Theine. 251 

Theobromine, synthesis of, 251 
Toxicology of ptomaines, 110 
Trimethylamine, 143 
Triethylamine, 146 
Trimethylenediamine, 158 
Typhoid bacillus, 16 
Typhotoxine, 206 

fever, 105 
Tyrosin, 178 
Tyrotoxicon, 57, 214 

UNDETERMINED leucomaines, 
277 
ptomaines, 219 
Ureemic poisoning, 295 
Uric acid, 254 

group of leucomaines, 227 
Urine, leucomaines in, 280 
Urotheobromine, 258 

VANILLA, 84 
Veal, poisonous, 50 
Venoms of serpents, 285 
Veratrine-like ptomaines, 117 
Vernine, 245 

XANTHINE, 248 
Xantho-creatinine, 272 
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